Background/Objectives: Low habitual dietary calcium intake and vitamin D deficiency are common among Indian children. Using 'laddoo', an Indian snack, as a vehicle for administering calcium and vitamin D supplements, a randomized double-blind controlled trial was conducted for 12 months to assess its efficacy on total body less head (TBLH) bone mineral content (BMC) in underprivileged toddlers. Subjects/Methods: A total of 60 toddlers (mean age 2.7 ± 0.52 years, boys ¼ 31) were randomized to two groups, (i) study group receiving one calcium fortified laddoo (cereal-legume snack) containing 405 mg calcium per day and (ii) control receiving a non-fortified laddoo, containing 156 mg of indigenous calcium. Both groups also received a laddoo fortified with 30 000 IU of vitamin D 3 per month. Outcome measures included TBLH bone area (BA) and TBLH BMC by GE-Lunar DPX Pro Pencil Beam Dual-Energy X-ray absorptiometry. Results: At baseline, mean energy, protein and calcium intakes were 71, 72 and 47% of Indian Recommended Dietary allowances. In all, 87 and 83% toddlers were hypocalcaemia and vitamin D deficient, respectively. Mean TBLH BMC was 289.5 ± 45.8 g. Post supplementation, mean TBLH BMC of study group showed a significantly greater (Po0.01) increase of 35% as against 28% in controls and the difference remained significant after adjusting for vitamin D status, calcium intake, height and TBLH BA. Conclusions: Daily supplementation with calcium fortified laddoo, and monthly vitamin D supplement resulted in a significant increase in TBLH BMC of underprivileged toddlers. We believe that such strategies have the potential of addressing nutritional problems in developing countries.
Introduction
Adequate dietary calcium intake and body stores of vitamin D are known to be important for bone health (Office of the Surgeon General, 2004) . A number of studies from India have reported low dietary calcium intakes in children (Bhatia, 2008) . Indian children's diets are predominantly vegetarian, based on cereals and legumes and are deficient in milk and milk products (NNMB report, 2006) . Moreover being vegetarian, daily intake of vitamin D-containing foods like milk, egg yolk, meat and butter is meagre in Indian children and adolescents leading to low dietary intakes of calcium and vitamin D (Puri, 2008) . Further, even in a tropical country like India, sunlight exposure is inadequate and endemic prevalence of vitamin D insufficiency has been seen in schoolgirls (Puri, 2008) and children (Ekbote et al., 2010a, b) . The low habitual dietary calcium intake in Indian children puts them at a higher risk of developing nutritional rickets as well as impairment of skeletal mineralization (Pettifor, 1991; Lee et al., 1993; Ruiz et al., 1995) . Thus, improving children's dietary calcium intake provides a window of opportunity for achieving an individual's optimal peak bone mass, which is considered to be an important factor that might reduce the burden of osteoporotic fractures in later life.
Many economically disadvantaged parents in India cannot afford dairy products to feed their children on a daily basis (NNMB, 2006) . Moreover, non-compliance to longitudinal supplementation in children is well documented (Adu-Afarwuah et al., 2007; Ramakrishnan et al., 2009) . In order to overcome these limitations, we used 'laddoo', an Indian sweet, as a novel 'vehicle' for administering calcium and vitamin D supplementation to toddlers.
We undertook a double-blind, randomized controlled trial in an urban slum in Pune, India, to test the hypothesis that toddlers who consumed one calcium fortified laddoo containing 405 mg calcium, daily, 5 days a week, for 12 months, would have greater increase in bone mineral content (BMC) than those who consumed non-fortified control laddoo, containing 156 mg of indigenous calcium. Subjects in both the groups were also given a laddoo supplemented with 30 000 IU of cholecalciferol, once a month, during the trial to account for possible vitamin D deficiency.
Materials and methods

Sample selection
The subjects were recruited from a local crèche for young children of underprivileged mothers. The trial was conducted during December 2007-December 2008. At the beginning, 83 children (1-5 years) were attending the crèche. As per our entry criteria, all apparently healthy toddlers aged 2-3 years, were enrolled (n ¼ 64). The trial was approved by the institutional ethics committee. Fifty-two literate parents provided a written informed consent in local language. Twelve illiterate parents provided an informed 'thumbprint consent', after the information sheet about the study was read out to them in local language by a social worker. A clinical examination was conducted along with medical history by a trained paediatrician before the start of the trial. Two toddlers who had clinical signs of rickets and two toddlers with irregular attendance were excluded. Thus, 60 apparently healthy children (mean age 2.7±0.52 years, boys ¼ 31) were recruited in the study.
Preparation of the laddoo
Each laddoo was approximately 4 cm in diameter and weighed 50 g. The laddoos were prepared in a traditional manner, in stringent hygienic conditions. The ingredients for unfortified laddoo, were ragi (Eleusine coracana) and whole dried Bengal gram (Cicer arietinum) 7.5 g each, sesame seeds (Sesamum indicum) and poppy seeds (Papaner somniferum) 5 g each, 5 g of clarified butter and 15 g of refined palm sugar. Raw ingredients were purchased fresh every month from the same reliable wholesale vendor. The laddoos were prepared in batches every week. The study group laddoos were prepared from the same ingredients with fortification of calcium carbonate, containing 500 mg of elemental calcium (Calcium Sandoz, Novartis India Limited, manufactured by Atra Pharmaceuticals Private Ltd, MIDC, Walunj, Aurangabad, India). After preparation, the laddoos were stored in a refrigerator at an ambient temperature of 4 1C until dispensed.
Estimation of nutrient contents of laddoo A sample of laddoos from every batch was homogenized. A 5 g sample was dried and ashed in a muffle furnace at 550 1C temperature and the residue dissolved in 6 N, 1:1 hydrochloric acid. Calcium concentration of the sample was estimated using the Atomic Absorption Spectrophotometry (Varian Australia Pvt. Ltd, Victioria, Australia). The mean calcium content of one serving of the study laddoo was 404.7 ± 0.61 and 155.6±0.34 mg per serving of the control laddoo. Other nutrient contents of laddoo were estimated using national food tables (Gopalan et al., 1998) . Each laddoo (serving) contained 204 kcal energy, 4 g protein, 8 g fat, 29 g carbohydrate, 3 mg of iron and 101 mg of phosphorus.
Acceptability and bioavailability of laddoos
For sensory evaluation of the laddoo, a panel consisting of randomly selected 20 research colleagues and parents of 18 toddlers were served both unfortified and fortified laddoo samples in a randomized order. The independent hedonic rating of taste, texture, appearance and overall acceptability was recorded for each laddoo by each panel member. The overall acceptability of the laddoo was found to be 91 and 92% for the fortified and unfortified laddoo respectively (P40.1).
Absorption of calcium from the fortified laddoo (study group) was assessed over 5 h against the non-fortified laddoo and calcium carbonate in a previous study. The increase in serum ionized calcium (iCa) after the ingestion of fortified laddoo (6%) and calcium carbonate (5.5%) was of similar order and higher than the unfortified laddoo (1.8%) (Ekbote et al., 2010a, in press ).
Supplementation
A total of 30 subjects each were randomly assigned to study and control groups. The laddoos were administered 5 days a week to the toddlers by trained investigators and compliance was recorded on daily basis. If the whole laddoo was not consumed, portion not consumed was weighed and recorded for each child on daily basis. After the consumption of the laddoo, social workers ensured that the toddlers rinsed their teeth as the laddoos contained refined palm sugar.
On the first Saturday of every month all toddlers received a laddoo fortified with 30 000 IU of vitamin D3 (cholecalciferol) (Calcirol, Cadila Pharmaceuticals Ltd, Dholka, Ahmedabad, India) to ensure vitamin D sufficiency.
Outcome measures Anthropometry and dietary food analysis. All baseline data were collected before randomization and all follow-up measurements were taken at the end of 12 months. Standing height was measured using a wall-mounted stadiometer to the accuracy of 1 mm and weight was measured using an electronic scale to the accuracy of 100 g. The height and weight Z-scores were estimated from the contemporary World Health Organization growth data (Garza and De Onis, 2004) . A 3-day dietary recall including a Sunday was recorded for toddlers with their mothers and caretakers at the crèche. Tables of nutrient values for Indian raw foods (Gopalan et al., 1998) and cooked foods (Chiplonkar and Agte, 2007) were used to estimate daily dietary intake of calcium, inorganic phosphorus, protein and energy.
Haematological and biochemical analysis. Fasting blood samples were collected between 0700 and 0900 hours (no supplement was given on the day of sampling). Haemoglobin was measured using the Beckman Coulter (Coulter Corp., Miami, FL, USA). iCa was measured using ion selective auto analyzer. Serum concentrations of inorganic phosphorus and alkaline phosphatase (Pesce, 2008) were measured using a semi-auto analyzer (Biokit SA, Barcelona, Spain). The interassay variation was o5% for iCa, inorganic phosphorus and alkaline phosphatase. Serum intact parathyroid hormone was measured using the enzyme immunoassay technique (BioSource Europe SA, Nivelles, Belgium). The reference range for the PTH assay was 1.1-6.4 pmol/l, and the interassay variation was o10%. Serum concentration of 25-hydroxyvitamin D (25OHD) was measured using radioimmunoassay (DiaSorin, Stillwater, MN, USA). The sensitivity of the assay was 3.75 nmol/l and the interassay variation was o5%.
Bone densitometry. The GE-Lunar DPX Pro (GE Healthcare, Madison, WI, USA) Pencil Beam DXA scanner (software encore 2005 version 9.30.044) was used to measure total body less head (TBLH) BMC (g), bone area (BA (cm 2 )), lean body mass (LBM (g)) and fat mass (FM (g)). The machine calibration was performed daily using the phantom provided by the manufacturer. The precision of repeat measurements in children for the DPX Pro was estimated to be 0.98% for TBLH BMC, 1.13% for TBLH BA, 0.74% for TBLH LBM and 1.1% for TBLH FM from two repeat measurements on 31 children. No sedation was used and toddlers were kept quiet during scans by the social workers by telling them stories. At the time of the repeat scan a year later, a print of the baseline DXA scan was used to position each child in a manner exactly similar to the baseline scan. 
Statistical methods
Data are shown as mean with s.d. In order to test the statistical significance of difference of primary outcome measures (TBLH BMC and TBLH BA) between the study and control group independent sample Student's t-test was used. Calcium supplementation using fortified laddoos VH Ekbote et al
The relative percentage change in TBLH BMC, TBLH BA, TBLH LBM, TBLH FM and also the biochemical parameters were calculated using the formula (100 Â (post-supplementation valueÀpre-supplementation value)/(pre-supplementation value). Paired t-test was used to assess differences in pre-and post-supplementation parameters. P-value o0.05 was considered statistically significant. All analyses were performed using statistical package for social sciences (SPSS version 12.0, Chicago, IL, USA). Control and study groups were also compared using analysis of covariance models adjusting for baseline value of dietary calcium intake, height and TBLH BA.
Results Table 1 shows the baseline characteristics of the toddlers. There were no statistically significant differences in the anthropometric, biochemical and bone mass parameters of the two groups (P40.1). The toddlers as a cohort were shorter and lighter than their age-and sex-matched WHO counterparts (Garza and De Onis, 2004) . The mean energy and protein intake of the two groups was similar of the order of 71 and 72% of the recommended dietary allowance (RDA) (ICMR, 2003) , respectively, (P40.1) ( Table 2 ). When energy intake was expressed as kcal per kg body weight, the mean energy intake in the study group (78 ± 17 kcal) remained similar to that of the control group (82 ± 26 kcal). Moreover, energy intakes of 72% of the study group toddlers and 75% of the control group toddlers were below the RDA of 102 kcal/kg body weight. The intakes of calcium and phosphorus were not significantly different in the two groups (P40.1). The mean calcium intake of the toddlers was 47% of the Indian recommended dietary allowance (RDA-400 mg per day), whereas the phosphorus intake was 85% of the RDA. In all, 96% from study group and 94% from control group toddlers were having daily dietary calcium intake below the Indian RDA. Moreover, mean dietary calcium to phosphorus ratio of the cohort was 0.55±0.17, which is much lower than the recommended ratio of 1 (ICMR, 2003) . The mean iCa concentrations were lower than the reference range in 87% toddlers from the study group and in 79% of toddlers from the control group (Table 1) . The serum 25OHD concentration, a reliable measure of an individual's vitamin D status, was found to be low in both groups. At baseline, 83% toddlers from the study group and 84% from the control group were deficient in 25OHD concentrations, as defined by 25OHD concentrations of o50 nmol/l. When further classified according to Misra et al. (2008) , 17% toddlers from the study group were vitamin D sufficient with 450 nmol/l concentrations of serum 25OHD, 46% toddlers with vitamin D deficiency (12.5 nmol/l 4serum 25OHD o37.5 nmol/l) and 37% were with severe vitamin D deficiency (serum 25OHD o12.5 nmol/l), In the control group, 17% toddlers were vitamin D sufficient, 5% vitamin D insufficient, 31% with vitamin D deficiency and 87.5 ± 5.7 85.2 ± 3.4 94.1 ± 5.4 92.3 ± 3.7 Height for age Z-score À2.05 ± 1.0 À1.87 ± 1.0 À2.06 ± 0.9 À1.9 ± 0.9 Weight (kg) 11.3 ± 1.4 11.0 ± 1.4 12.3 ± 1.9 11.9 ± 1.8 Weight for age Z-score À1.83 ± 0.9 À1.55 ± 1.1 À2.2 ± 1.0 À2.1 ± 1. 1.7 ± 0.2 1.6 ± 0.2 1.4 ± 0.4 1.5 ± 0.4
Abbreviations: ALP, alkaline phosphatase; Hb, haemoglobin; iCa, ionized calcium; iP, inorganic phosphorus; iPTH, intact parathyroid hormone; TBLH, total body less head; TBLH BMD, total body bone mineral density; TBLH BMC, total body bone mineral content; TBLH BA, total body bone area; TBLH LBM, total body lean body mass; TBLH FM, total body fat mass; 25OHD, 25-hydroxyvitamin D.
a
The post-supplementation intake data are without the addition of the supplement nutrients. b There was a statistically significant difference between the parameters at post-supplementation between the two groups (Po0.05). Hb: reference range-110-140 g/l, iCa: reference range-1.12-1.23 mmol/l, 25OHD-450 nmol/l, iPTH: reference range-1.1-6.4 pmol/l, ALP: 145-420 U/l, iP: reference range-1.25-2.10 mmol/l. At baseline, the difference in means of the two groups was not statistically significant for all the parameters in the table (P40.1).
47% were severe vitamin D deficient. The intact parathyroid hormone concentrations were greater than the upper limit of the reference range (6.4 pmol/l) in 48% toddlers of study group and 63% of control group toddlers. When biochemical parameters of the two groups were compared, no significant differences were noted between the study and the control groups at the baseline (P40.1) ( Table 1) . Mean haemoglobin levels of the two groups were similar (P40.1). Prevalence of anaemia in study group was 70% and in the control group 89%, as defined by haemoglobin concentration of o110 g/l (WHO, UNICEF, 2001) ( Table 1) . At baseline, the TBLH BMC as well as TBLH BA were also of the similar order in both the groups (Table 1) . Thus, the study and control groups were similar in all respects at baseline. Compliance to the intervention was observed to be similar in the study group (75%) and in the control group (77%) (P40.1). No adverse events possibly related to the ingestion of laddoos or otherwise were reported during the study period.
Post supplementation, a significant increase in height was noted in both the groups (Table 1 ). The increase in height was of the similar order in the study (6.6 ± 1.0 cm) and the control group (7.1±1.69 cm) (P40.05). The change in height for age Z-scores of study and control groups were also of similar order and were À0.04 ± 0.24 and À0.02 ± 0.44, respectively, (P40.05) ( Table 1 ). The mean intakes of energy, protein, fat, calcium and phosphorus were significantly greater in both the groups after supplementation (Po0.01) ( Table 2 ). The mean energy, protein, fat and calcium intakes were of similar order in both the groups. The mean daily intake of phosphorus increased to 118% in the study group and was significantly lower than that of the control group (136%) (Po0.05). This was possibly due to the fact that consumption of whole wheat products was higher in control group than the test group, while intake of refined flour products was higher in the test group leading to low phosphorus intakes than the control group. Moreover, the mean calcium to phosphorus ratio increased to 0.87 ± 0.2 and was significantly greater in study group than in control group (0.55±0.1).
After the end of 12 months of supplementation, the mean serum iCa concentrations of the study group were significantly (Po0.05) greater than that at the baseline (Table 1 ). The control group did not show any significant change in the serum iCa concentrations. The supplementation also resulted in significant increase in mean serum 25OHD concentrations of study group and control group, (Po0.01) and 75% of toddlers from the study group and 74% from control group were vitamin D sufficient. There was no significant difference between the % change in 25OHD concentration between the two groups (Table 3) . Moreover, a significant reduction in alkaline phosphatase concentrations was observed in both the groups over baseline (Po0.01). The reduction in serum intact parathyroid hormone was significantly greater in the study group than the control group (Po0.05). A small but nonsignificant reduction in inorganic phosphorus concentrations was also noted in both groups.
Post supplementation, mean TBLH BMC, TBLH BA, TBLH LBM and TBLH FM significantly increased in both the groups (Table 1 ) (Po0.01). Table 3 shows comparison of the percentage change in mean TBLH BA, TBLH BMC, TBLH LBM and TBLH FM values between two groups with and without adjustment for confounders; that is, height, TBLH BA, initial dietary calcium intake, vitamin D status and compliance to supplement. A significantly greater percent increase in TBLH BMC was seen in the study group than the control group without any adjustment (Po0.05). The percent change in TBLH BMC in the study group was significantly (Po0.01) higher than that in the control group even after adjusting for increment in height, baseline dietary calcium intake and baseline TBLH BA and vitamin D status (Table 3 ). The control group had received monthly vitamin D supplementation while the study group had additionally received daily calcium fortified laddoos. The greater increase in TBLH BMC in the study group was thus, possibly due to calcium fortification.
Discussion
Our results show that one year calcium supplementation using fortified laddoos as a vehicle along with monthly vitamin D supplementation led to a significantly greater gain The difference in means of the two groups was not statistically significant for all the parameters in the table at baseline and post-supplementation (P40.1).
in TBLH BMC in toddlers having habitually low dietary calcium intake. Both the groups were supplemented with monthly dose of vitamin D, while the study group additionally received daily calcium fortified laddoo. The higher increase in TBLH BMC after calcium and vitamin D supplement than the vitamin D supplement alone indicates that calcium fortification was effective in the study group. Even after adjusting for height, calcium intake, vitamin D status and TBLH BA, the gain in TBLH BMC remained significantly greater in the group who were administered calcium fortified laddoos. Calcium supplementation resulted in significantly higher serum concentrations of iCa and a decrease in the serum concentrations of intact parathyroid hormone in the study group than the control group toddlers who received only vitamin D. Toddlers from the study group showed a significant increase in TBLH BMC of 35% as against 28% in the control group, which is higher than the increase observed in other calcium supplementation studies (Johnston et al., 1992; Lee et al., 1994a, b; Bonjour et al., 1997; Cadogan et al., 1997; Specker et al., 2001; Specker and Binkley, 2003; Lambert et al., 2008) . Calcium supplementation with pharmacologic preparations in children has been studied by various researchers, although studies in toddlers and preschool children are scant. Specker et al. in 2001 have demonstrated a significant correlation of calcium intake and TBLH BMC in 3-5 years old children and the gain in leg BMC was more pronounced in calcium supplemented group than placebo group (Specker and Binkley, 2003) . Lee et al. (1994a, b) found 2.5% greater increase in TBLH BMC in girls with 300 mg of daily calcium supplement than non-supplemented group. Similarly, Johnston et al. (1992) observed a greater increase in radial site BMD with 1000 mg of daily calcium supplement in the supplemented prepubertal twin than the non-supplemented. Use of milk and milk products for supplementation and/or fortification is the preferred strategy to increase or enhance dietary calcium. Cadogan et al. (1997) used milk supplementation to demonstrate a 3% greater increase in TBLH BMC in supplemented group than the placebo in 12-year-old girls. Calcium fortification of fruit juice was used by Lambert et al. (2008) in 12-yearold girls and a significantly greater increase in TBLH BMC was observed in the supplemented group than the placebo. Fortification of several foods with milk extracts has shown to bring about greater increase in BMD in prepubertal girls with low calcium intakes (Bonjour et al., 1997) .
Most of these studies have tested calcium supplementation in children and adolescents with either fortifying or supplementing with milk and milk products (Johnston et al., 1992; Lee et al., 1994a, b; Cadogan et al., 1997; Lambert et al., 2008) . However, in developing countries, such as India, the availability of milk and dairy products to the underprivileged eking out a living on a meagre income, dairy products are an expensive commodity (Bhatia, 2008) . Therefore, we fortified a traditional Indian recipe, laddoo, with calcium and studied the effect of calcium fortification using the laddoo as a vehicle in toddlers. Moreover, the use of nonmilk food fortification is rarely reported (Rosado et al., 2005; Romanchik-Cerpovicz and McKemie, 2007) . To the best of our knowledge, this is the first double-blind, randomized controlled trial of calcium supplementation with a nonmilk, cereal-legume (laddoo) snack in preschool.
One of the shortcomings of our study was a relatively high cost of the fortified laddoo. We have used the highest quality ingredients to prepare the laddoos and hence the cost of our fortified laddoo was 20 INR (0.43 USD/0.31 Euros) per laddoo, which at present is prohibitively expensive for parents of underprivileged children. The financial support for this study was provided by our institute, that is, the HCJMRI. The product was developed by the nutritionist Abbreviations: ALP, alkaline phosphatase; iCa, ionized calcium; iP, inorganic phosphorus; iPTH, intact parathyroid hormone; NS, nonsignificant; TBLH, total body less head; TBLH BMC, total body bone mineral content; TBLH BA, total body bone area; TBLH LBM, total body lean body mass; TBLH FM, total body fat mass; 25OHD, 25-hydroxyvitamin D. p1-P-value without adjustment. p2-P-value adjusted for difference in height and baseline dietary calcium intake. p3-P-value adjusted for TBLH BA and baseline calcium intake. p4-P-value adjusted for TBLH BA, difference in height and baseline calcium intake. p5-P-value adjusted for TBLH BA, difference in height and baseline calcium intake and vitamin D status.
working on the project. There is a possibility of using this product in school feeding programs, especially as the cost may be reduced by mass production at government agency or social service group level. As refined palm sugar was one of the ingredients of the laddoo, dental hygiene measures need to be implemented after the consumption of the snack. Our field workers ensured that the toddlers cleaned their teeth after ingestion of the laddoo for the duration of the study. In summary, this study successfully demonstrates that laddoo, a cereal legume snack used as a vehicle for daily calcium and monthly vitamin D resulted in a significant increase in total body BMC of underprivileged toddlers. We believe that such a strategy has the potential of dealing with other nutritional problems in India and other developing countries.
